Abstract. This paper analyses the influence of air pressure regarding the precise mass measuring process. The stability of air pressure to the mass determination process is discussed experimentally using the new M-one mass comparator. Due to the change of air pressure, air flow and vibration with regard to the weighing hanger can be arisen. The vibration of weighing hanger is from both the base and the air flow. Under air pressure control, the standard deviation of weighing process can be reduced to 0.39 µg.
Introduction
Mass is a physical quantity that can only be determined with indirectly measurement technologies, such as measurement of forces. During the weighing process, the weight will be surrounded with air, and balanced by three kinds of force, which are supporting force from the weighing pan, gravity force and air buoyancy force. According to OIML R111 (Organisation Internationale de Metrologie Legale, Recommendation 111, Weights), altitude and corresponding changes in air density can affect the measurement process when using the conventional mass of weights, in which air pressure is a major parameter to the air density. [1] For high precise mass measurement, accurate instruments should be used to determine the temperature, pressure, relative humidity and CO2 content in air. [2] [3] [4] The air buoyancy correction shall be used, which requires the density of the weight to be known. [5, 6] Usually the weighing process will be ABBA, which means that the reference weight will be weighed two times as A, test weight will be weighed two times as B. The air pressure can not only cause the change of air density and air buoyancy force, but also will influence the weighing process itself.
To evaluate the influences of air pressure to the mass determination process, this paper experimentally investigates two mass determination processes at both the air pressure controlled condition and the air pressure non-controlled condition. And the uncertainty contribution of air pressure is also evaluated.
Experimental Set-Ups
The mass of test weight, mt, can be expressed with the equation 1:
in which and are the mass of test weight and reference weight; and are the volume of test weight and reference weight; is density of moist air; ∆ is indication difference of the balance ;
is mass of the sensitivity weight; ∆ is the indication difference of the balance when put on the sensitivity weight on weighing pan.
M-one mass comparator is used for mass determination below 1 kg. It has 6 weighing positions. Its electronic weighing range is (0~1.5) g and readability is 0.1 µg. As shown in Figure 1 , the control computer can program any mass comparison between any two weighing positions referred as P1 to P6. The load lock is used to put the weights into the chamber to be moved on the weighing positions. The M-one is also equipped with an airtight chamber and can be used under vacuum. The chamber can be opened either with the front door or using the lift-up system. During the mass measuring process, the chamber should be closed to keep the inner air condition as constant as possible. The environment of M-one especially temperature should also be controlled to avoid the energy change between the M-one and the surrounded environment.
According to air density calculation formula of CIPM 2007, the density of moist air a  can be expressed as :
where: p is the air pressure, Ma is the molar mass of dry air; Z is the compressibility; R is the molar gas constant, T is the dynamic temperature using ITS-90, xv is the mole fraction of water vapor; and Mv is the molar mass of water. [3] The air density measuring system, developed by NIM, China, can detect the pressure, temperature, relative humidity and carbon dioxide content, as shown in Figure 2 . These sensors are mounted in the closed chamber.
Results and Discussion
For the M-one weighing system, the air pressure is controlled by closing the airtight chamber. The M-one weighing system will be surrounded by certain amount of air. There is no air exchange between inner and outside the chamber. The temperature and relative humidity of whole laboratory are controlled to maintain good measuring condition, that is, the weighing process is not affected by two parameters of air density. Air pressure is measured continually for 1 hour to monitor the air pressure change inside the airtight chamber. The comparision of air pressure deviation inside the chamber is showed in Figure  3 by keeping the airtight chamber closed or opened. When keeping the airtight chamber opened, the deviation of air pressure inside the chamber is 0.24 hPa. When closing the airtight chamber, the deviation is reduced dramatically to 0.03 hPa. Figure 4 shows the changes of temperature, relative humidity and CO2 content when keeping the airtight chamber closed. The other parameters of air are kept as constants with low deviation, which indicate that the mass measuring condition in airtight chamber is stable.
The 6×ABBA cycles of full comparison between any two positions of M-one mass comparator were conducted in both pressure conditions. Figure 5 shows the measuring results when keeping the airtight chamber opened and closed. When the air pressure deviation is low, the standard deviation of measuring process can be reduced from 1.39 µg to 0.41µg.
According to equation 2, the uncertainty of air density, , can be expressed as:
in which:
= 22 × 10 −6 −1 Figure 4 . The measuring value change of temperature, humidity and CO2 content in the closed chamber The uncertainty budget for the density of moist air is showed in Table 1 . Although the air pressure is not the biggest contribution to the uncertainty of air density, due to the air buoyancy effects, the air pressure can introduce big influence to the weighing process by causing the air flow and introducing vibration to the weighing hanger of M-one. The vibration of weighing hanger is not only from the base but also from the air flow.
The standard uncertainty of the weighing process, , is the standard deviation of the mass difference. For n cycles of measurements, it can be expressed as Equation 4:
For a digital mass comparator with the scale interval, d, the uncertainty due to resolution is:
The uncertainty budgets for mass determination of 1 kg weight using M-one mass comparator are showed in Table 2 . The mass of reference weight has the largest uncertainty value. The weighing process can be reduced to small value of 0.065 µg under the air pressure constant controlled in the airtight chamber. 
Conclusions
In this paper, the influence of air pressure to precise mass measuring process is discussed. The constant of air pressure can reduce the air movement inside the airtight chamber, decrease the friction at the vertical surface of the weight and pressure force at horizontal surfaces, and lead to less standard deviation of weighing process. When using the airtight chamber to control the air pressure, the standard deviation of mass comparison can be reduced lower to 0.39 µg. The mean standard deviation of mass comparison can be achieved as 0.065 µg.
